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(54) Pattern detecting apparatus 

(57) A pattern detecting apparatus has irradiating means 
1, 3 and an optical fibre bundle 2 for emitting fight and 
irradiating a surface of an object (7) eg. a banknote or coin 
whose pattern is to be detected, and a light detecting 
means (4) eg. a CCD for detecting light reflected from the 
surface of or transmitted through the object A pattern on 
the surface of the object is detected based on information 
from the light detecting means. The pattern detecting 
apparatus further comprises a light transmitting means 
(5) eg. an optical fibre plate for transmitting light 
advancing in a predetermined direction. The light 
transmitting means (5) is positioned between the object 
(7) and the light detecting means (4) such that the 
predetermined direction coincides with the direction in 
which the reflected or transmitted light from the object 
advances. Light of two or more wavelengths may be used 
with a shared detector or separate detectors. 
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PATTERN DETECTING APPARATUS 

The present invention relates to a pattern 
detecting apparatus for accurately detecting patterns, 
5 and more particularly, to such an apparatus for 

accurately detecting patterns formed on an object such 
as a bill or bank note (hereinafter referred to 
collectively as "bill"), coin or the like. 

The conventional pattern detecting apparatus 

10 comprising a light source, a lens, and an image sensor 
is well known- In the prior art pattern detecting 
apparatus, the light source emits light onto the 
object whose pattern is to be detected, such as a bill 
or coin, and the lens focuses the image carried by 

15 light reflected from or transmitted through the object 
on the image sensor for reading the image as a 
pattern, whereby the genuineness, kind and the like of 
the object are discriminated by comparing the pattern 
with a reference pattern stored in the apparatus in 

20 advance. 

Recently, the developed printing and surface 
forming techniques have made it possible to form fine 
patterns on the surface of objects. Consequently, a 
pattern detecting apparatus is required to be able to 

25 accurately detect such fine patterns. For example, 

if a resolution of 500 dpi (dots per inch) is required 
in order to detect a fine pattern, the pattern 
detecting apparatus has to be able to detect discrete 
pattern micro areas measuring as small as 50/t*in * 50^m. 

30 However, the individual pixels of image sensor 

may receive not only information related to the 
corresponding micro area of the pattern but also, 
owing to stray light irregularly reflected from or 
transmitted through the object information related to 

35 adjacent areas. In this case, since the information 
received by each of the pixels is low in accuracy and, 
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therefore, the signal-to-noise ratio of the whole 
pattern is inevitably low, fine patterns on the object 
cannot accurately be detected. 

It is therefore an object of the invention to 
5 provide a pattern detecting apparatus for accurately 
detecting fine patterns on an object such as a bill, 
coin or the like. 

According to one aspect of the invention there 
is provided a pattern detecting apparatus having an 

10 irradiating means for emitting light and irradiating 
the surface of an object whose pattern is to be 
detected and a light detecting means for detecting 
light reflected from the surface of or transmitted 
through the object, and wherein a pattern on the 

15 surface of the object is detected based on information 
from the light detecting means, said pattern detecting 
apparatus further comprising a light transmitting 
means for transmitting light advancing in a 
predetermined direction, said light transmitting means 

20 being positioned between said object and said light 

detecting means such that said predetermined direction 
coincides with the direction in which said reflected 
or transmitted light from said object advances. 

In a preferred aspect of the invention, said 

25 irradiating means is adapted to irradiate the surface 
of said object with at least two kinds of light of 
different wavelengths, and said light detecting means 
is adapted to detect said reflected or transmitted 
light of each wavelength by use of a time sharing 

3 0 method . 

In another preferred aspect of the invention, 
said irradiating means comprises a light source for 
emitting light, an optical means for converging the 
light emitted from said light source, and a light 

35 guide means for guiding the light converged by said 
optical means onto said object. 
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In a further preferred aspect of the invention, 
said light guide means includes an optical fiber 
bundle having a plurality of optical fibers. 

In a still further preferred aspect of the 
5 invention, said light guide means is adapted to direct 
said light obliquely onto said object. 

In another preferred aspect of the invention, 
said irradiating means is adapted to emit two kinds of 
light of different wavelengths and said light 

10 detecting means includes a first detecting means and a 
second detecting means, said pattern detecting 
apparatus further comprising a reflecting/transmitting 
means for reflecting light of a predetermined 
wavelength and for transmitting light of other 

15 wavelengths, said reflecting/transmitting means being 
positioned such that said first detecting means 
receives said reflected* or transmitted light of the 
predetermined wavelength and that said second 
detecting means receives said reflected or transmitted 

20 light of other wavelengths. 

In an alternative aspect of the invention, there 
is provided a pattern detecting apparatus having an 
irradiating means for emitting light and irradiating 
the surface of an object whose pattern is to be 

25 detected, a light detecting means for detecting 

reflected light from the surface of the object, and 
wherein a pattern on the surface of the object is 
detected based on information from the light detecting 
means, said pattern detecting apparatus further 

30 comprising a light transmitting means for transmitting 
light advancing in a predetermined direction, said 
light transmitting means being positioned between said 
object and said light detecting means such that said 
predetermined direction coincides with the direction 

35 in which the reflected light from said object 

advances, and a transmitting/reflecting means for 
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transmitting the light emitted from said irradiating 
means and for reflecting the light reflected from said 
object in a predetermined direction, said light 
transmitting means and said transmitting/ reflecting 
5 means being arranged such that the light emitted from 
said irradiating means reaches said object via said 
transmitting/reflecting means and said light 
transmitting means and that the light reflected from 
said object is received by said light detecting means 
10 via said light transmitting means and said 
transmitting/reflecting means. 

In a preferred aspect of the present invention, 
said transmitting/reflecting means includes a beam 
splitter. 

15 In another preferred aspect of the invention, 

said irradiating means is adapted to emit two kinds of 
light of different wavelengths and said light 
detecting means includes a first detecting means and a 
second detecting means, said pattern detecting 

20 apparatus further comprising reflecting/ transmitting 
means for reflecting light of a predetermined 
wavelength and for transmitting light of other 
wavelengths, said reflecting/ transmitting means being 
positioned such that said first detecting means 

25 receives said reflected light of the predetermined 
wavelength and that said second detecting means 
receives said reflected light of other wavelengths. 

In a further preferred aspect of the invention, 
said reflecting/ transmitting means includes a dichroic 

30 mirror. 

In a still further preferred aspect of the 
invention, said light transmitting means includes a 
plurality of optical fibers arranged in the form of 
plate. 

35 In another preferred aspect of the invention, 

said light detecting means includes a plurality of 
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pixels arranged in a line lying perpendicular to the 
direction in which said object is to be fed* 

In a further preferred aspect of the invention, 
said detecting means includes a plurality of pixels 
5 arranged in a plurality of lines lying perpendicular 
to the direction in which said object is to be fed. 

In a still further preferred aspect of the 
invention, said light detecting means comprises CCD 
(charge-coupled device) . 
10 The above and other objects and features of the 

present invention will become apparent from the 
following description made, by way of example, with 
reference to the accompanying drawings in which:-. 

Figure 1 is a schematic front view of a printed 
15 pattern detecting apparatus which is an embodiment of 
the present invention; 

Figure 2 is a schematic side view of the printed 
pattern detecting apparatus shown in Figure 1; 

Figure 3 is a schematic perspective view of a 
20 fiber plate used in the printed pattern detecting 
apparatus shown in Figure 1; 

Figure 4 is a schematic perspective view of a 
few of the optical fibers comprising the fiber plate 
shown in Figure 3 ; 
25 Figure 5 is a schematic front view of a printed 

pattern detecting apparatus which is another 
embodiment of the present invention; 

Figure 6 is a schematic front view of a printed 
pattern detecting apparatus which is a further 
30 embodiment of the present invention; and 

Figure 7 is a schematic front view of a printed 
pattern detecting apparatus which is a still further 
embodiment of the present invention. 

Referring to Figure 1, a printed pattern 
35 detecting apparatus which is an embodiment of the 
present invention comprises a light source 1 for 
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emitting light toward the surface of a bill 7 on which 
the pattern to be detected is printed, a lens 3 for 
converging the light emitted from the light source 1 
onto the end face of an optical fiber bundle 2 
5 comprising a number of optical fibers and serving to 
guide the light converged onto the end face thereof by 
the lens 3 onto the surface of the bill 7, a fiber 
plate 5 having a number of optical fibers arranged in 
the form of a matrix for directing the light reflected 

10 from the surface of the bill 7 to a sensor 4, the 

sensor 4 having a number of pixels for receiving the 
reflected light guided by the fiber plate 5, and a 
light shielding plate 6 for ensuring that the surface 
of the bill is irradiated only by light from the 

15 optical fiber bundle 2. 

As shown in Figure 1, the bill 7, whose surface 
is printed with a pattern to be detected, is conveyed 
by a conveying device (not shown) in the direction 
indicated by arrow A so as to feed the same to the 

20 printed pattern detecting apparatus. 

In the printed pattern detecting apparatus, the 
light emitted from the light source 1 is converged 
onto the end face of the optical fiber bundle 2. The 
optical fiber bundle 2 includes a sufficient number of 

25 optical fibers for uniformly irradiating the surface 
of the bill 7 with the light converged onto the end 
face of the light bundle 2- The end face of the 
optical fiber bundle 2 facing the lens 3 is shaped 
cylindrical ly or rectangularly so as to be able to 

30 efficiently receive the light emitted from the light 
source l thereon. The light from the optical fiber 
bundle 2 is directed obliquely onto the surface of the 
bill 7. 

The sensor 4 which is constituted as CCD 
35 (charge-coupled device) has a number of pixels 

arranged in the scanning direction, and the end face 
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of the optical fiber bundle 2 facing the sensor 4 is 
shaped rectangularly to have a width equal to that of 
the sensor 4 in the scanning direction. Consequently, 
the light from the light source 1 is uniformly emitted 
5 onto the surface of the bill 7 over the width thereof 
to be scanned, via the lens 3 and the optical fiber 
bundle 2. 

The shielding plate 6 is formed with an opening 
6a of a sufficient size to allow the end face of the 

10 optical fiber bundle 2 and that of the fiber plate 5 
to face each other, and to minimize incident light 
from sources other than the optical fiber bundle 2. 

Figure 3 is a schematic perspective view of the 
fiber plate 5, and Figure 4 is a schematic perspective 

15 view of a few of the optical fibers 5a constituting 
the fiber plate 5. 

As shown in Figure 3, the fiber plate 5 is 
formed to be plate-like by arranging a number of 
optical fibers 5a in a matrix. Each of the optical 

20 fibers 5a has a very small diameter and a 

predetermined length and has its axis oriented 
vertically. As shown in Figure 4, in this 
embodiment, the optical fibers 5a are cylindrical. 
Each has a diameter of 50/im and is adapted for 

25 receiving light on one end face thereof at an angle 
within ± 10 degree with respect to the light axis 
thereof and emitting the received light from the other 
end face thereof. As shown in Figures 1 and 2, the 
optical fibers 5a of the fiber plate 5 are arranged in 

30 a matrix to match the image formation surface of the 
sensor 4. 

The fiber plate 5 is positioned to be spaced 
slightly above the upper surface of the bill 7 
conveyed by the conveying device (not shown) such that 
35 only a particular optical fiber 5a receives the light 
which is emitted from the light source 1, reaches the 
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surface of the bill 7 via the optical fiber bundle 2 
and is reflected from a corresponding micro area of 
predetermined size on the surface of the bill 7 and 
that light reflected from other micro areas is 
5 prevented from being received thereby. Namely, since 
each of the micro areas on the surface of the bill 7 
corresponds to a particular optical fiber 5a, the 
reflected light from each of the micro areas can be 
received by and only by the corresponding optical 

10 fiber 5a. This embodiment employs 50 julhi cylindrical 
optical fibers 5a adapted for receiving light on one 
end face thereof at an angle within ± 10 degree with 
respect to the light axis thereof. Supposing that 
the diameter of the optical fiber 5a is "a" and that 

15 the wavelength of the irradiated light is "L", the 

focus depth becomes a2/L owing to the pinhole effect 
at the end face of the optical fiber 5a. In this 
embodiment, since the light source 1 emits light of a 
wavelength less than 500 nm, the distance between the 

20 end face of the optical fiber 5a and the surface of 
the bill 7 is set at 1.25mm. 

In this manner, by determining the distance 
between the end face of the optical fiber 5a and the 
surface of the bill 7, and setting the size of each 

25 pixel of the sensor 4 at 50^um * 50^im as stated below, 
the size of each of the micro areas on the surface of 
the bill 7 can be set at substantially 50jun * SQjwnrw 

The sensor 4 has a number of pixels at the image 
formation surface thereof. Each of the pixels is 

30 adapted to receive light reflected from a particular 
micro area on the surface of the bill 7 via the 
corresponding optical fiber 5a so that the image 
formation surface of the sensor 4 receives the 
reflected light from the surface of the bill 7 as an 

35 image of the printed pattern. In this embodiment, 

the image formation surface of the sensor constituted 
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as a CCD is provided with a number of pixels, each 
measuring 50/mi * 50/uti, so that each of the pixels 
corresponds to a particular micro area on the surface 
of the bill 7. The distance between the fiber plate 
5 5 and the image formation surface of the sensor 4 is 
determined such that each pixel on the image formation 
surface of the sensor 4 receives only the light 
emitted from the corresponding optical fiber 5a and 
does not receive light emitted from any other optical 

10 fiber 5a. Accordingly, the light reflected from a 

particular micro area on the surface of the bill 7 can 
be received by the corresponding fine 50jum * 50^m 
pixel via the corresponding optical fiber 5a of the 
fiber plate 5. As a result, the printed pattern of 

15 the bill 7 is discretely transferred to the fine 50yum 
* 5<fyua pixels on the image formation surface of the 
sensor 4. Consequently, each of the pixels on the 
image formation surface of the sensor 4 stores only 
the printed pattern of the corresponding micro area of 

20 the bill 7 and does not store the printed pattern of 
any other micro area. 

When the bill 7 is fed to the thus constituted 
printed pattern detecting apparatus by the conveying 
device (not shown) , the light emitted from the light 

25 source 1 reaches the surface of the bill 7 via the 

lens 3 and the optical fiber bundle 2. The reflected 
light from each of the micro areas on the surface of 
the bill 7 is received by the corresponding pixel on 
the image formation surface of the sensor 4 via a 

30 corresponding optical fiber 5a of the fiber plate 5. 
In this manner, the reflected light from all micro 
areas on the surface of the bill 7 is received by the 
pixels of the sensor 4, which is to say that the 
printed pattern of the bill 7 is transferred onto the 

35 image formation surface of the CCD sensor 4. In the 
well-known manner, the sensor 4 scans the printed 
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pattern transferred onto the image formation surface 
along the scanning direction B perpendicular to the 
conveying direction A in response to clock signals 
received from a control device (not shown) so as to 
5 feed the pattern data to a processing device (not 

shown) , whereby they are compared with the data of a 
reference pattern for discriminating the genuineness, 
kind and the like of the bill 7. 

Since the conveying speed of the bill 7 is 

10 predetermined, and the number of pixels along the 

scanning direction is predetermined in accordance with 
factors such as the size of the bill 7, the clock 
frequency for scanning the printed pattern transferred 
onto the image formation surface is determined with 

15 reference to the desired pitch in the conveying 

direction. For example, supposing that the conveying 
speed of the bill is 1 m/sec and that the sensor has 
4000 pixels arranged in a line along the scanning 
direction, if printed pattern information at intervals 

20 of 0.2 mm is to be obtained along the conveying 
direction, the clock frequency is set at 20 MHz 
because the time for scanning the sensor 4 has to be 
0.2 msec. Further, if the sensor has its pixels 
arranged in a plurality of lines along the scanning 

25 direction, the clock frequency for scanning the sensor 
4 is determined with reference to the desired pitch in 
the conveying direction and the number of pixel lines 
lying in the scanning direction. 

According to this preferred embodiment, since 

30 the reflected light from each of the micro area on the 
surface of the bill 7 is received by a corresponding 
pixel measuring 50^m * 5 Own on the image formation 
surface of the sensor 4 via a corresponding optical 
fiber 5a of the fiber plate 5, whereby the pixel 

35 stores only the printed pattern data corresponding to 
a particular micro area of the bill 7, it is possible 
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to accurately detect the printed pattern of the bill 7 
without the influence from stray light. 

Furthermore, according to this preferred 
embodiment, since the light emitted from the light 
5 source 1 is obliquely directed onto the surface of the 
bill 7 by means of the optical fiber bundle 2, the 
reflected light from the bill 7 carries not only 
printed pattern information but information relating 
to characteristics ascertainable from the laterally 

10 reflected light, namely, information concerning 

unevenness of the surface of the bill 7 caused by the 
ink forming the printed pattern, wrinkles on the 
surface of the bill 7 and the like. Consequently, it 
is possible to detect not only the pattern information 

15 based upon optical density but also other information 
indicative of the quality and condition of the bill 7, 
whereby it is possible to judge the quality of the 
bill 7, the degree of damage of the bill 7 and the 
like. 

20 Figure 5 is a schematic front view of a printed 

pattern detecting apparatus which is another 
embodiment of the present invention. 

As shown in Figure 5, the printed pattern 
detecting apparatus comprises a pair of light sources 

25 la, lb, a pair of lenses 3a, 3b, a pair of optical 

fiber bundles 2a, 2b, a fiber plate 5, a sensor 4, and 
a shielding plate 6. The light source la comprises a 
green light emitting diode (LED) , whereas the other 
light source lb comprises a red light emitting diode. 

30 These light sources la, lb are controlled by the 
control device (not shown) so as to emit light 
alternately. The lenses 3a, 3b and the optical fiber 
bundles 2a, 2b are formed in substantially the same 
manner as the lens 3 and the optical fiber bundle 2 of 

3 5 the above described embodiment. Similarly, the fiber 
plate 5 and the sensor 4 are identical to those 
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employed in the above described embodiment. In this 
embodiment, the light source la, the lens 3a, and the 
optical fiber bundle 2a constitute a first irradiating 
unit, and the light source lb, the lens 3b, and the 
5 optical fiber bundle 2b constitute a second 
irradiating unit. The first and the second 
irradiating units are symmetrically arranged with 
respect to the center axis of the fiber plate 5 and 
the sensor 4. 

10 When the bill 7 is fed to the thus constituted 

printed pattern detecting apparatus by the conveying 
device (not shown) , the light sources la and lb 
alternately emit light in accordance with a control 
signal from the control device (not shown) . The light 

15 emitted from the light source la or lb reaches the 

surface of the bill 7 via the lens 3a and the optical 
fiber bundle 2a or via the lens 3b and the optical 
fiber bundle 2b. Thus, the reflected light from each 
of the micro areas on the surface of the bill 7 is 

20 received by the corresponding pixel on the image 
formation surface of the sensor 4 via the 
corresponding optical fiber 5a of the fiber plate 5. 
The control device (not shown) feeds clock signals to 
the sensor 4 in synchronism with the cycle during 

25 which the light source la or lb alternately emits 

light. As a result, the printed pattern transferred 
onto the image formation surface of the scanner 4 by 
the light emitted from the light source la and 
reflected from the bill 7 is scanned to form a first 

30 printed pattern while the light source la is emitting 
light, whereas the printed pattern transferred onto 
the same by the light emitted from the other light 
source lb and reflected from the bill 7 is scanned to 
form a second printed pattern while the light source 

35 lb is emitting light. Accordingly, by time shared 
scanning of the sensor 4, the first printed pattern 



- 13 - 



can be obtained from the light reflected from the bill 
surface, during the time that the light source la 
comprising the green LED is emitting light of a 
wavelength substantially corresponding to that of 
5 green, whereas, the second printed pattern can be 
obtained from the light reflected from the bill 
surface, during the time that the light source lb 
comprising the red LED is emitting light of a 
wavelength substantially corresponding to that of red. 

10 Consequently, pattern information based on two-color 
separation can be obtained. Finally, the thus 
obtained printed pattern data for the entire bill 
surface produced by the sensor 4 is fed to the 
processing device (not shown) , whereby they are 

15 compared with the reference pattern to discriminate 
the genuineness, kind and the like of the bill 7. 

According to this embodiment, since the printed 
patterns of the bill 7 is analyzed into printed 
pattern information based upon two-color separation of 

20 green and red separation, it is possible to more 

accurately detect the printed pattern of the bill 7. 

Figure 6 is a schematic front view of a printed 
pattern detecting apparatus which is a further 
embodiment of the present invention. 

25 As shown in Figure 6, the printed pattern 

detecting apparatus comprises a light source 1, a lens 
3, an optical fiber bundle 2, a fiber plate 5, sensors 
4a, 4b, and a shielding plate 6. In addition it 
comprises a beam splitter 8 with a longitudinal axis 

30 of the same length as the length of the fiber plate in 
the scanning direction, a lens 9 arranged such that 
the focal points thereof are positioned on the surface 
of the sensor 4b and on the end face of the fiber 
plate 5, and a dichroic mirror 10 for reflecting light 

35 of a wavelength substantially corresponding to that of 
orange and for transmitting light of other wavelength. 
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The dichroic mirror 10 is also arranged such that 
another focal point of the lens 9 is positioned on the 
surface of the sensor 4a. The light source 1 is 
selected to emit light having red and orange 
5 wavelengths . 

The light having red and orange wavelengths 
emitted from the light source 1 enters the beam 
splitter 8 via the lens 3 and the optical fiber bundle 
2 and passes through the fiber plate 5 so that the 

10 surface of the bill 7 is irradiated thereby. The 
light reflected from each of the micro areas on the 
surface of the bill 7 passes through a corresponding 
optical fiber 5a of the fiber plate 5, is thereafter, 
reflected by a 45 degree reflecting mirror of the beam 

15 splitter 8. Since the lens 9 is arranged such that 
the focal points thereof are positioned on the 
surfaces of the sensors 4a, 4b and on the end face of 
the fiber plate 5 as described above, the reflected 
light of orange wavelength is converged onto the 

20 surface of the sensor 4a, whereas other reflected 

light is converged onto the surface of the sensor 4b. 
Consequently, by scanning the sensor 4a, a first 
printed pattern based on the reflected orange light 
from the bill 7 can be obtained, and by scanning the 

25 sensor 4b, a second printed pattern based on the 

reflected red light from the bill 7 can be obtained. 

Similarly to the earlier embodiment, the printed 
patterns transferred onto the image formation surfaces 
of the sensors 4a, 4b are scanned in the scanning 

30 direction perpendicular to the conveying direction A 
in response to clock signals from the control device 
(not shown) so as to feed the thus obtained printed 
pattern data for the entire bill surface to the 
processing device (not shown) , whereby they are 

35 compared with the reference pattern to discriminate 
the genuineness, kind and the like of the bill 7. 
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Since this embodiment employs a light source 1 
which emits the light of both red and orange 
wavelengths, it is possible to obtain the printed 
patterns of the bill 7 based on two-color separation 
5 and accurately detect the printed pattern of the bill 
7 by means of a simpler optical system. 

Furthermore, according to this embodiment, since 
the optical axis of the incident light is 
substantially coincident with that of the reflected 
10 light, the reflection efficiency between the 

irradiated light and the reflected light can be 
improved . 

Figure 7 is a schematic front view of a printed 
pattern detecting apparatus which is a still further 

15 embodiment of the present invention. 

The printed pattern detecting apparatus of 
Figure 7 is adapted to detect the printed pattern of 
the bill 7 based on light transmitted through the bill 
7. Similarly to the embodiment shown in Figures 1 to 

20 4 r light emitted from the light source 1 is converged 
onto the end face of the optical fiber bundle 2 by the 
lens 3 so that the surface of the bill 7 is irradiated 
therewith through the optical fiber bundle 2. A 
shielding plate 16a is disposed to allow only light 

25 emitted from the light source 1 to reach the surface 

of the bill 7. On the opposite side of the conveying 
passage of the bill 7 from the optical fiber bundle 2 
are provided a fiber plate 5 for receiving the light 
transmitted through the bill 7 and a sensor 4 for 

30 receiving the transmitted light via the fiber plate 5 
so as to enable detection of the printed pattern of 
the bill 7. A shielding plate 16b is disposed to 
allow all the light transmitted through the bill 7 to 
be received by the fiber plate 5. 

35 The fiber plate 5 is positioned to be spaced 

slightly from the lower surface of the bill 7 conveyed 
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by the conveying apparatus (not shown) such that each 
of the particular optical fibers 5a receives only 
light transmitted through a single corresponding bill 
7 micro area of predetermined size and is prevented 
5 from receiving the light transmitted through any other 
micro area of the bill 7. Since each of the micro 
areas on the surface of the bill 7 corresponds to a 
particular optical fiber 5a of the fiber plate 5 r the 
transmitted light through each of the micro areas can 

10 be received by and only by the corresponding optical 

fiber 5a. The CCD sensor 4 is provided with a number 
of pixels at the image formation surface thereof. 
Each of the pixels is adapted to receive the light 
transmitted through a particular micro area on the 

15 surface of the bill 7 via the corresponding optical 
fiber 5a so that the image formation surface of the 
sensor 4 receives the transmitted light through the 
entire bill 7 as an image of the printed pattern. 

Similarly to the embodiment shown in Figures 1 

20 to 4, the printed patterns transferred onto the image 
formation surface of the sensor 4 are scanned in the 
scanning direction perpendicular to the conveying 
direction A in response to clock signals from a 
control device (not shown) so as to feed the printed 

25 pattern data for the entire bill surface to a 

processing device (not shown) , whereby it is compared 
with a reference pattern to discriminate the 
genuineness, kind and the like of the bill 7. 

According to this embodiment, since the light 

30 transmitted through each of the micro areas on the 

surface of the bill 7 is received by the corresponding 
pixel on the image formation surface of the sensor 4 
via the corresponding optical fiber 5a of the fiber 
plate 5, whereby, the pixel stores only the printed 

35 pattern data for the corresponding micro area of the 
bill 7, it is possible to accurately detect the 
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printed pattern of the bill 7 without influence from 
stray light. 

As described above with reference to the 
preferred embodiments , according to the present 
5 invention, it is possible to provide a pattern 

detecting apparatus for accurately detecting fine 
patterns on an object whose pattern is to be detected, 
such as a bill, coin or the like. 

The present invention has thus been shown and 

10 described with reference to the specific embodiments. 
However, it should be noted that the present invention 
in no way limited to the details of the described 
arrangements but changes and modifications may be made 
without departing from the scope of the appended 

15 claims. 

For example, although the above described 
embodiments detect the pattern printed on a bill 7, 
the present invention is not limited to detection of 
the printed pattern on a bill but can be used for 

20 detecting printed patterns including characters, 

numerals, symbols, figures and the like printed on 
various other kinds of sheet materials. * Further, in 
the embodiments shown in the Figures 1 to 6, it is 
possible to detect patterns formed on the surface of a 

25 coin or the like by means of a method other than 
printing. 

Further, although in the above described 
embodiments the fiber plate 5 allows only light from a 
bill or other such object oriented in a predetermined 

30 direction to pass therethrough, in place of the fiber 
plate 5 it is possible to employ some other member 
with optical characteristics such that light from a 
particular micro area on the surface of the object can 
be received by and only by the end face thereof facing 

35 the object and be fed out from the other end face 

thereof, when it is positioned adjacent to the object. 
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For example, a large number of hollow pipes each 
having a minute cross section and having a cylindrical 
or honeycomb shape may be employed. 

Furthermore, although in the above described 
5 embodiments the sensor 4 is provided with a number of 
pixels arranged in a plurality of lines along the 
scanning direction, it is possible to arrange the 
pixels of the sensor in a single line. 

Moreover, although in the embodiment shown in 

10 Figure 5 the printed pattern information based on two 
color separation is obtained by employing two light 
sources la, lb one emitting green light and the other 
emitting red light, it is apparent that the printed 
pattern information based on the separation of more 

15 than two colors may be obtained by further providing 
light sources emitting light of other wavelengths in 
addition to the above described light sources. 
Further, in the embodiment shown in Figure 6, printed 
pattern information based on the separation of more 

20 than two colors may be obtained by providing 
additional dichroic mirrors and sensors. 

Further, in the embodiment shown in Figure 5, it 
is possible to arrange the apparatus so that both of 
the light sources la, lb emit white light 

25 simultaneously, that the light from both of the light 
sources la, lb is reflected by the bill 7 and that the 
printed pattern transferred onto the sensor 4 is 
scanned. According to this alternative arrangement, 
since the white light can be simultaneously emitted 

30 from both of the end faces of the optical fiber bundle 
2a, 2b onto the bill 7, it is possible to accurately 
detect the printed pattern, even though the 
reflectivity of the bill 7 is small. 

Furthermore, although in the above described 

35 embodiments the bill is irradiated by the light 

sources, the lenses, and the optical fibers, it is 



- 19 



apparent that laser sources which emit laser beam may 
be used instead thereof. 

Moreover, in the present invention, the 
respective means need not necessarily be physical 
means and arrangements whereby the function of the 
respective means are accomplished by software fall 
within the scope of the present invention. In 
addition, the function of a single means may be 
accomplished by two or more physical means and the 
functions of two or more means may be accomplished by 
a single physical means. 
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CLAIMS: 

1. A pattern detecting apparatus having an 
irradiating means for emitting light and irradiating a 
5 surface of an object whose pattern is to be detected, 
and a light detecting means for detecting light 
reflected from the surface of or transmitted through 
the object, wherein a pattern on the surface of the 
object is detected based on information from the light 
10 detecting means, said pattern detecting apparatus 
comprising: 

a light transmitting means for transmitting light 
advancing in a predetermined direction, said light 
transmitting means being positioned between said 
15 object and said light detecting means such that said 
predetermined direction coincides with the direction 
in which said reflected or transmitted light from said 
object advances. 

20 2. A pattern detecting apparatus according to 

Claim 1, said irradiating means being adapted to 
irradiate the surface of said object with at least two 
kinds of light of different wavelengths, and 

said detecting means being adapted to detect said 

25 reflected or transmitted light of each wavelength by 
use of a time sharing method. 

3. A pattern detecting apparatus according to 
Claim 1 or Claim 2, said irradiating means comprising 
30 a light source for emitting light, an optical means 

for converging the light from said light source, and a 
light guide means for guiding the light converged by 
said light guide means onto said object. 

35 4. A pattern detecting apparatus according to 

Claim 3, said light guide means including an optical 
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fiber bundle having a plurality of optical fibers. 

5. A pattern detecting apparatus according to 
Claim 3 or Claim 4, said light guide means being 
adapted tfo direct said light obliquely onto said 
object. 

6. A pattern detecting apparatus according to 
Claim 1, said irradiating means being adapted to emit 
two kinds of light of different wavelengths, said 
light detecting means including a first detecting 
means and a second detecting means, said pattern 
detecting apparatus further comprising: 

a reflecting/transmitting means for reflecting 
light of a predetermined wavelength and for 
transmitting light of other wavelengths, said 
reflecting/transmitting means being positioned such 
that said first detecting means receives said 
reflected or transmitted light of the predetermined 
wavelength and that said second detecting means 
receives said reflected or transmitted light of the 
other wavelengths. 

7. A pattern detecting apparatus according to 
Claim 6, said reflecting/transmitting means including 
a dichroic mirror. 

8. A pattern detecting apparatus according to 
any one of Claims 1 to 7, said light transmitting 
means including a plurality of optical fibers arranged 
in the form of plate. 

9. A pattern detecting apparatus according to 
any one of Claims 1 to 8, said light detecting means 
including a plurality of pixels arranged in a line 
lying perpendicular to the direction in which said 



- 22 - 



object is fed. 

10. A pattern detecting apparatus according to 
any one of Claims 1 to 8, said detecting means 

5 including a plurality of pixels arranged in a 
plurality of lines lying perpendicular to the 
direction in which said object is fed. 

11. A pattern detecting apparatus having an 
10 irradiating means for emitting light onto and 

irradiating a surface of an object whose pattern is to 
be detected, and a light detecting means for detecting 
reflected light from the surface of the object, 
wherein a pattern on the surface of the object is 

15 detected based on information from the light detecting 
means, said pattern detecting apparatus comprising: 

a light transmitting means for transmitting light 
advancing in a predetermined direction, said light 
transmitting means being positioned between said 

20 object and said light detecting means such that said 
predetermined direction coincides with the direction 
in which the reflected light from said object 
advances ; and 

a transmitting/reflecting means for transmitting 

25 the light emitted from said irradiating means and for 
refracting the light reflected from said object in a 
predetermined, direction, said light transmitting means 
and said transmitting/reflecting means being arranged 
such that the light emitted from said irradiating 

30 means reaches said object via said 

transmitting/reflecting means and said light 
transmitting means and that the light reflected from 
said object is received by said light detecting means 
via said light transmitting means and said 

35 transmitting/reflecting means. 
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12. A pattern detecting apparatus according to 
Claim 11 , said transmitting/reflecting means including 
a beam splitter. 

5 13. A pattern detecting apparatus according to 

Claim 11, said irradiating means being adapted to emit 
two kinds of light of different wavelengths, said 
light detecting means including a first detecting 
means and a second detecting means, said pattern 

10 detecting apparatus further comprising: 

a reflecting/ transmitting means for reflecting 
light of a predetermined wavelength and for 
transmitting light of other wavelengths, said 
reflecting/ transmitting means being positioned such 

15 that said first detecting means receives said 

reflected light of the predetermined wavelength and 
that said second detecting means receives said 
reflected light of the other wavelengths. 



20 14. A pattern detecting apparatus according to 

Claim 13, said reflecting/transmitting means including 
a dichroic mirror. 

15. A pattern detecting apparatus according to 
25 any one of Claims 11 to 14, said light transmitting 

means including a plurality of optical fibers arranged 
in the form of plate. 

16. A pattern detecting apparatus according to 
30 any one of Claims 11 to 15, said light detecting means 

including a plurality of pixels arranged in a line 
lying perpendicular to the direction in which said 
object is fed. 



35 17. A pattern detecting apparatus according to 

any one of Claims 11 to 15, said detecting means 



including a plurality of pixels arranged in a 
plurality of lines lying perpendicular to the 
direction in which said object is fed. 

18. A pattern detecting apparatus 
substantially as hereinbefore described with reference 
to and as shown in the accompanying drawings. 



Patents Act 1977 

Pvgminpr^c ronnrt in thp Cnmntroller under Section 17 
(The Search report) </0 


Application number 
GB 9323372.4 


Relevant Technical Fields 

(i) UK CI (Ed.M) G1A (AMBP, AMZ) 

Cii) Int CI (Ed.5) G01N (21/88, 21/89); G01R (3 1/308); G07D 
(5/00, 7/00) 

Databases (see below) 

(i) UK Patent Office collections of GB, EP, WO and US patent 
specifications. 

fii) 


Search Examiner 
D C BRUNT 


Date of completion of Search 
12 JANUARY 1994 


Documents considered relevant 
following a search in respect of 
Claims :- 
1-18 


Categories of documents 



X: Document Mealing lack of novclly or of inventive step. P: Document published on or after the declared priority date 

but before the filing date of the present application. 

Y: Document indicating iack of inventive step if combined with 

one or more other documents of the same category. E: Patent document published on or after, but with priority date 

earlier than, the filing date of the present application. 

A: Document indicating technological background and/or state 

of the an. &: Memberof the same patent family; csorrespondingdocument. 



Category 


Identity of document and relevant passages 


Relevant to 
ciaim^s ) 


X.Y 


GB 2192275 A 


(LAUREL) Whole document 


X: 1, 3, 4, 5 




Y: 9, 10 


X,Y 


GB 2107911 A 


(CUBIC) See Figures 3-5 


X: 1 




Y: 9, 10 


Y 


GB 2035549 A 


(PERK3N) See Claim 1 


9, 10 


X,Y 


GB 1384501 


(LANDIS) See page 2 lines 1-20 


X: 1 




Y: 9, 10 


X,Y 


EP 0240277 A2 


(K K SIGMA) See page 3 line 13 - page 4 line 13 


X; 1 






Y: 9, 10 


X,Y 


EP 0101115 Al 


(NEDERLANDSE) See page 5 lines 5-10 


X: 1 






Y: 9, 10 



Databases:Tbe UK Patent Office database comprises classified collections of GB, EP, WO and US patent specifications as outlined periodically in the Officii! Journal 
(Patents). The on-line databases considered for search are also listed periodically in the Official Journal (Patents). 



T8 - 2445 Page 1 of 1 



